In this article, we introduce two recent results with respect to the integrality and exact solutions of the Fisher type equations and their applications. We obtain the sufficient and necessary conditions of integrable and general meromorphic solutions of these equations by the complex method. Our results are of the corresponding improvements obtained by many authors. All traveling wave exact solutions of many nonlinear partial differential equations are obtained by making use of our results. Our results show that the complex method provides a powerful mathematical tool for solving a great number of nonlinear partial differential equations in mathematical physics. We will propose four analogue problems and expect that the answer is positive, at last. MSC: Primary 30D35; secondary 34A05
Introduction
Nonlinear partial differential equations (NLPDEs) are widely used as models to describe many important dynamical systems in various fields of science, particularly in fluid mechanics, solid state physics, plasma physics and nonlinear optics. Exact solutions of NLPDEs of mathematical physics have attracted significant interest in the literature. Over the last years, much work has been done on the construction of exact solitary wave solutions and periodic wave solutions of nonlinear physical equations. Many methods have been developed by mathematicians and physicists to find special solutions of NLPDEs, such as the inverse scattering method [] , the Darboux transformation method [] , the Hirota bilinear method [] , the Lie group method [] , the bifurcation method of dynamic systems [-], the sine-cosine method [] , the tanh-function method [, ], the Fanexpansion method [] , and the homogenous balance method [] . Practically, there is no unified technique that can be employed to handle all types of nonlinear differential equations. Recently, Kudryashov et al. [-] found exact meromorphic solutions for some nonlinear ordinary differential equations by using Laurent series and gave some basic results. Following their work, the complex method was introduced by Yuan et al. ©2014 Yuan et al.;  licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. http://www.journalofinequalitiesandapplications.com/content/2014/1/500 [-] . In this article, we survey two recent results with respect to the integrality and exact solutions of the Fisher type equations and their applications. We obtain the sufficient and necessary conditions of integrable and general meromorphic solutions of these equations by the complex method. Our results are of the corresponding improvements obtained by many authors. All traveling wave exact solutions of many nonlinear partial differential equations are obtained by making use of our results. Our results show that the complex method provides a powerful mathematical tool for solving a great number of nonlinear partial differential equations in mathematical physics. We will propose four analogue problems and expect that the answer is positive, at last.
Fisher type equations with degree two
In , Yuan et al.
[] derived all traveling wave exact solutions by using the complex method for a type of ordinary differential equations (ODEs)
where A, B, C and D are arbitrary constants. In order to state these results, we need some concepts and notations. A meromorphic function w(z) means that w(z) is holomorphic in the complex plane C except for poles. α, b, c, c i and c ij are constants which may be different from each other in different place. We say that a meromorphic function f belongs to the class W if f is an elliptic function, or a rational function of e αz , α ∈ C, or a rational function of z. 
Here, DC = -
(II) The simply periodic solutions
where
(III) The rational function solutions
Equation () is an important auxiliary equation, because many nonlinear evolution equations can be converted to Eq. () using the traveling wave reduction. For instance, the classical KdV equation, the Boussinesq equation, the ( + )-dimensional Jimbo-Miwa equation and the Benjamin-Bona-Mahony equation can be converted to Eq. () [] . http://www.journalofinequalitiesandapplications.com/content/2014/1/500
In , Yuan et al. [] employed the complex method to obtain first all meromorphic solutions of the equation
where A, B, C, D, E are arbitrary constants. 
Theorem . Suppose that AD = , then Eq. () is integrable if and only if B
Here,
In particular, which degenerates to the simply periodic solutions
And the rational function solutions
, both s  and g  are arbitrary constants. In particular, which degenerates to the one parameter family of solutions
, and both s  and g  are arbitrary constants. In particular, which degenerates to the one parameter family of solutions
The Fisher equation with degree two
Consider the Fisher equation
which is a nonlinear diffusion equation as a model for the propagation of a mutant gene with an advantageous selection intensity s. It was suggested by Fisher as a deterministic version of the stochastic model for the spatial spread of a favored gene in a population in . Set t = st and x = ( 
By substituting
into Eq. (Fisher) and integrating it, we obtain
It is converted to Eq. (), where
Three nonlinear pseudoparabolic physical models
The one-dimensional Oskolkov equation, the Benjamin-Bona-Mahony-Peregrine-Burgers equation and the Oskolkov-Benjamin-Bona-Mahony-Burgers equation are the special cases of our Eq. (). The one-dimensional Oskolkov equation has the form
into Eq. (Oskolkov) and integrating the equation, we have
The Benjamin-Bona-Mahony-Peregrine-Burgers equation is of the form
where α is a positive constant, θ and β are nonzero real numbers. Substituting
The Oskolkov-Benjamin-Bona-Mahony-Burgers equation is of the form
where α is a positive constant, θ is a nonzero real number. Substituting
into Eq. (OBBMB), we deduce
The KdV-Burgers equation
The KdV-Burgers equation is of the form
where α is a constant. Substituting the traveling wave transformation
into Eq. (KdV-B) and integrating it yields the auxiliary ordinary differential equation
where E is an integral constant. It is converted to Eq. (), where
Fisher type equations with degree three
In , Yuan et al.
[] employed the complex method to find all meromorphic solutions of the auxiliary ordinary differential equations
where A, B, C and D are arbitrary constants. 
Here, 
[] considered the following equation:
where A, B, C and D are arbitrary constants. They obtained the following result and gave its two applications. 
where 
(III) All rational function solutions
Very recently, Yuan et al. [] studied the differential equation
where A, B, C, D are arbitrary constants. They got the following theorem. 
Theorem . Suppose that AD = , then Eq. () is integrable if and only if B
where z  and g  are arbitrary. In particular, it degenerates to the simply periodic solutions and rational solutions 
where z  ∈ C.
All exact solutions of Eq. (Newell-Whitehead), the nonlinear Schrödinger Eq. (NLS) and Eq. (Fisher ) can be converted to Eq. () making use of the traveling wave reduction.
The Newell-Whitehead equation
The Newell-Whitehead equation is of the form
where r, s are constants. Substituting
into Eq. (Newell-Whitehead) gives
It is converted to Eq. (), where
The NLS equation
The NLS equation is of the form
where α, β are nonzero constants. http://www.journalofinequalitiesandapplications.com/content/2014/1/500
into Eq. (NLS) gives
The Fisher equation with degree three
The Fisher equation with degree three is of the form
into Eq. (Fisher ) gives
The complex method and some problems
In order to state our complex method, we need some notations and results. Set m ∈ N := {, , , . . .}, r j ∈ N  = N ∪ {}, r = (r  , r  , . . . , r m ), j = , , . . . , m. We define a differential monomial denoted by where a r are constants, and I is a finite index set. The total degree is defined by deg P(w, w , . . . , w (m) ) := max r∈I {p(r)}.
We will consider the following complex ordinary differential equations:
where b = , c are constants, n ∈ N. http://www.journalofinequalitiesandapplications.com/content/2014/1/500
Let p, q ∈ N. Suppose that Eq. () has a meromorphic solution w with a pole at z = . We say that Eq. () satisfies the weak p, q condition if substituting Laurent series
into Eq. (), we can determine p distinct Laurent singular parts as follows:
In order to give the representations of elliptic solutions, we need some notations and results concerning elliptic functions [] .
Let ω  , ω  be two given complex numbers such that Im 
The Weierstrass elliptic function ℘(z) := ℘(z, g  , g  ) is a meromorphic function with double periods ω  , ω  , satisfying the equation
where g  = s  , g  = s  , and (g  , g  ) = .
Theorem . [, ]
The Weierstrass elliptic functions ℘(z) := ℘(z, g  , g  ) have two successive degeneracies, and we have the addition formula: (i) Degeneracy to simply periodic functions (i.e., rational functions of one exponential e kz ) according to
We have the addition formula
By the above notations and results, we can give the following method, let us call it the complex method, to find exact solutions of some PDEs. http://www.journalofinequalitiesandapplications.com/content/2014/1/500
Step . Substituting the transform T : u(x, t) → w(z), (x, t) → z into a given PDE gives nonlinear ordinary differential equations ().
Step . Substitute Eq. () into Eq. () to determine that the weak p, q condition holds, and pass the Painlevé test for Eq. ().
Step . Find the meromorphic solutions w(z) of Eq. () with a pole at z = , which have m - integral constants.
Step . By the addition formula of Theorem . we obtain all meromorphic solutions w(z -z  ).
Step . Substituting the inverse transform T - into these meromorphic solutions w(z -z  ), we get all exact solutions u(x, t) of the original given PDE. , c  = - 
, we transform Eq. () into the autonomous part of the first Painlevé equation. In this way we find the general solutions.
(
, and substituting in Eq. (), we find that the equation for u(s) is
If we take f and g such that
then Eq. () for u is integrable. By (), one takes f (z) = exp{αz} and 
where both s  and g  are arbitrary constants. In particular, by Theorem . and g  = , w g,i (z) degenerates to the one parameter family of solutions 
